Abstract. Incorporation of new drugs for treatment of metastatic colorectal cancer (mCRC) has led to a clear improvement in overall patient survival, the added cost of treatment, however, is a major concern worldwide. The cost-effectiveness of using a modified FLOX (mFLOX) regimen for treating mCRC patients was delineated. In this study, 82 consecutive mCRC patients were treated with leucovorin (LV) at 20 mg/m 2 in combination with weekly bolus of 5-fluorouracil (5-FU) (500 mg/m 2 ) for 6 consecutive weeks and oxaliplatin (85 mg/m 2 ) at weeks 1, 3 and 5, every 8 weeks. Overall survival (OS) and toxicity were evaluated. A Markov Model with a 2-year time horizon and 2-week cycles was developed, comparing mFLOX and mFOLFOX6 in a Brazilian environment. Health outcomes were measured in quality-ajusted life years (QALYs). The median overall period of survival was 19 months, while the estimated 1-year survival was 75%. Response by RECIST was assessed in 33 patients. Partial response was observed in 39.4% of patients, while 36.3% were stable. The mFLOX regimen cost was BRL 9,000, while the mFOLFOX6 BRL 22,000 (1 EUR=2.29 BRL), leading to an incremental costed of BRL 13,000, considering a 20-week period of first-line therapy. The incremental effect of the mFOLFOX was of 0,117 QALY. The incremental costeffectiveness ratio of mFOLFOX6 was of BRL 110,344/QALY. The sensitivity analysis detected no differences in the outcome measures. In conclusion, the mFLOX is an active regimen in mCRC patients, possibly providing a cost-effective option in public health systems.
Introduction
Colorectal cancer (CRC) is the second most prevalent cancer in the world. In Brazil, approximately 30,000 new CRC cases occur annually, while according to national data, 24% of the CRC cases are metastatic at the time of diagnosis (1).
5-Fluorouracil (5-FU) was the first medication approved for treating patients with metastatic colorectal cancer (mCRC) and remains the medication of choice for single-agent chemotherapy. However, for optimal 5-FU efficacy, a combination with leucovorin (LV) is required. LV increases the intracellular concentration of methylene tetrahydrofolate, thus stabilizing the ternary complex formed between the fluorodeoxyuridine monophosphate (FdUMP) and the thymidylate synthase (TS), improving the cytotoxic activity of 5-FU (2) . Modulation of 5-FU by LV significantly improves the response rate compared to 5-FU alone. Several doses of LV have already been tested in clinical trials and, compared to a low dose (20 mg/m 2 ), higher doses (200-500 mg/m 2 ) of LV are more expensive and toxic, while producing comparable figures in response rate (RR), progression-free survival (PFS) and overall survival (OS) (2) .
Attempts to improve survival and response rates have led to the incorporation of new drugs in the chemotherapeutic armamentarium for mCRC patients. A gradual increase in PFS and OS has been achieved by introducing cytotoxic agents, such as oxaliplatin and irinotecan, either in first-or second-line therapy (3, 4) . Even better results have been achieved by combining cytotoxic medications with biological agents. Bevacizumab and cetuximab are monoclonal antibodies directed at the vascular endothelial growth factor (VEGF) and epidermal growth factor receptor (EGFR), respectively. Various associations of 5-FU with one or more of these new agents are now considered valid therapeutic options for mCRC patients (5-7).
However, a significant increment in chemotherapy costs has been a major concern. The introduction of new regimens for treating mCRC has led to a 340-fold increase in the cost of therapy compared to traditional 5-FU-based treatment ) of LV was administered in this regimen, reducing the cost associated with treatment. The present study analyzed the results of using mFLOX in our facility, as well as the cost-effectiveness of this regimen.
Materials and methods
Study design and population. A retrospective analysis was carried out, using electronic charts of 82 consecutive patients treated with mFLOX as a first-line therapy for mCRC, between May, 2007 and October, 2009. Our primary goal was to determine patients' overall survival. Response rate and toxicity were also assessed as a secondary analysis. In conjunction, an exploratory analysis of mFLOX cost-effectiveness was conducted.
Dose administration. This regimen included the traditional FLOX protocol described in the NSABP C-07 trial, except for the reduction of the LV dose to 20 mg/m 2 (11) . Therefore, a weekly bolus of 5-FU (500 mg/m 2 ) in combination with LV (20 mg/m 2 ) was administered for 6 consecutive weeks, and oxaliplatin (85 mg/m 2 ) was administered in weeks 1, 3 and 5, every 8 weeks. Emesis prophylaxis with dexamethasone (20 mg) and ondansetron (8 mg) was administered prior to oxaliplatin infusion. Patients were treated until progressive disease, unacceptable toxicity or absence of additional benefit were diagnosed. 5-FU and oxaliplatin doses were reduced by 20% in grade 3 or 4 toxicities.
Response assessment. Evaluation scans were retrospectively blind-reviewed by two experienced radiologists, using RECIST version 1.1 (12) .
Statistical analysis. OS was defined as the time between metastatic cancer diagnosis and death by any cause and was estimated by the Kaplan-Meier method. The analyses were carried out on an intent to treat basis. Toxicities were graded according to the National Cancer Institute criteria, version 3.0 (13).
Evaluation of cost-effectiveness using the Markov Model.
To evaluate the cost-effectiveness of mFLOX in comparison to mFOLFOX6, a Markov Model with a 2-year time horizon and 2-week cycles was developed (Fig. 1) . Probabilities of toxicities (neutropenia, diarrhea and neuropathy), progressive disease, overall survival and likelihood of second-line therapy were based on published literature and data obtained from the retrospective analysis carried out. It was evaluated that 58% (14) of patients assigned to mFOLFOX6 and 44.6% of patients on mFLOX would be eligible for a second-line therapy based on irinotecan monotherapy (350 mg/m 2 intravenously on day 1 every 3 weeks). Utilities were based on the available literature data (Table I) . Costs of the physician, hospital services and medication were obtained from DATASUS, ANVISA and local resources (Table II) . The analysis adhered to the Brazilian government policies. Health outcomes were measured in quality-adjusted life years (QALYs). To address uncertainty in model parameters, one-way sensibility analyses were carried out. Costs and utilities were discounted at 5%. mFLOX was assumed to be 20% inferior to mFOLFOX6 in terms of efficacy, while the median time of first-line therapy was 20 weeks.
This study was approved by the Institutional Review Board and was conducted in compliance with Brazilian law.
Results
Patients and tumor characteristics. As previously described, 82 patients were retrospectively evaluated. The mean age of the patients was 54 years (range, 41-70), with 41 (50%) patients being male. In 51 (62.2%) patients the primary tumor site was the colon, while in 31 (37.8%) the rectum. Sixty patients (73.2%) had received adjuvant or neo-adjuvant treatment. Eighteen patients (11%) had no previous resection of the primary tumor. Thirty-three patients (40.2%) were submitted to surgery with curative, and 31 (48.4%) with palliative intent. The most frequent metastatic sites were the liver (73.2%), the lungs (29.3%), the peritoneum (29.3%) and the lymph nodes (26.8%). The mean number of metastatic sites was 2. Twenty-eight (34%) patients had 1, 38 (46%) had 2, while 3 (19%) patients had 3 metastatic sites. The majority of patients demonstrated a good performance status, 66 (80%) patients were classified as ECOG 0-1, while 8 (10%) patients as ECOG 2-3. The median treatment time was 138 days (range, 0-409) and the median number of cycles administered was 2.5 (range, 0-6). These data are summarized in Table III .
Toxicity profile. Eighty-one patients were analyzed for toxicity (Table IV) . Diarrhea occurred in 39 (48%) patients and was graded as 3 or 4 in 17 (21%) patients. One death occurred due to grade 5 diarrhea. Neurological toxicity, represented by peripheral neuropathy, occurred in 28 (34.6%) patients, although grade 3 was observed only in 2 (2.5%) patients. Grade 3 hematological toxicity occurred in 4 (4.9%), while grade 4 in 5 (6.2%) patients. Mucositis was an infrequent complication, occurring only in 4 (4.9%) patients. Twenty-five (30%) patients needed chemotherapy dose reduction.
Response to treatment and survival. Response by RECIST was assessed in 33 patients, due to non-homogeneously performed CT scans resulting in some patients not having a baseline CT scan in our institution. Partial response (PR) was observed in Patients were analyzed in terms of survival. The median OS was 19.0 months (95% CI, 13.6-24.4 months) (Fig. 4) . The estimated 1-year survival was ~75%.
Second-line treatment. Eighteen patients (22%) were lost to follow-up. Sixty-four patients were analyzed for second-line treatment. Thirty-six (44%) patients received second-line irinotecan-based chemotherapy (irinotecan monotherapy 350 mg/m 2, every 21 days) on PD, while 3 patients (4%) received mitomycin-based chemotherapy as third-line treatment. Subsequent to a period with no chemotherapy or with 5-FU/LV alone, 3 patients (4%) received mFLOX again upon PD. Eight patients (10%) received chemotherapy with only 5-FU/LV, while 10 patients (12%) received best supportive care only. Three patients (4%) underwent resection for metastatic disease.
Cost-effectiveness analysis. The mFLOX regimen had a cost of BRL 9,000 (1 EUR=2.29 BRL) and mFOLFOX6 BRL 22,000 leading to an incremental cost of BRL 13,000, considering a 20-week duration of first-line therapy in a 14-day cycle. The incremental effect of mFOLFOX6 was of 0.117 QALY. The costeffectiveness of mFLOX was BRL 69,889, with mFOLFOX6 being BRL 88,654. The incremental cost-effectiveness ratio of mFOLFOX6 was BRL 110,344/QALY. In 10,000 probabilistic Monte Carlo simulations, mFLOX was cost effective in 60% of trials using a threshold of BRL 100,000/QALY (Fig. 3) . The sensitivity analysis detected no differences in outcome measures.
Discussion
With a view to minimize costs for treating mCRC patients, a new chemotherapy regimen avoiding central lines and infusion pumps and utilizing small doses of LV was routinely used in the present study. Following this mFLOX protocol, a median OS of 19 months was achieved outside of a clinical trial. This figure is comparable to those obtained with more expensive oxaliplatin-containing regimens, such as mFOLFOX6 producing a median OS of 20.2 months and a median PFS of Table IV . Toxicities secondary to mFLOX treatment. 8.9 months (4). In the present cost-effectiveness analysis, a 5-FU infusion regimen as mFOLFOX6 had an increment in cost-effectiveness of BRL 110,344/QALY, which is above the World Health Organization threshold of three times the Gross Domestic Product per Capita (BRL 53,871 for Brazil) (15) .
Other bolus regimens based on oxaliplatin, with no associated biologic agent, have already been described. The bFOL protocol consisting of oxaliplatin (85 mg/m 2 ) every other week coupled with LV (20 mg/m 2 ) and 5-FU (500 mg/m 2 ) every week, for three consecutive weeks in a four-week cycle, was tested on 42 patients with untreated mCRC and the results were similar: the OS was 15.9 months (95% CI, 11.4-19.7 months), and the median time to progression (TTP) was 9.0 months (95% CI, 7.1-10.8 months). Complete response and PR were observed in 3 and 23 patients, respectively (16) . The Nordic-FLOX (N-FLOX) regimen was tested as a first-line treatment in 85 patients with mCRC. The scheme consisted of bi-weekly cycles of oxaliplatin (85 mg/m 2 ) administered on Day 1, followed by bolus infusion of 5-FU (500 mg/m 2 ) and LV (60 mg/m 2 ). 5-FU coupled with LV alone was repeated on Day 2. The median OS was 16.1 months (95% CI, 12.7-19.6 months), and the median TTP was 7.0 months (95% CI, 6.3-7.7 months) (17) . Notably, the dose-intensity of oxaliplatin, 5-FU and LV differs in each of these regimens, possibly accounting for the differences in the response rate and toxicity. Without delay between cycles, the total dose received by patients undergoing chemotherapy in each 8-week treatment-cycle of mFLOX, bFOL and N-FLOX varies considerably (Table V) . The higher dose of oxaliplatin seems more relevant in terms of response rate compared to the higher doses of 5-FU and LV, which are probably more correlated with the toxicity profile.
The present study was of retrospective nature, impairing accuracy in determining the response rate obtained using mFLOX. However, survival data are abundant, in an environment of patients treated in a large public cancer hospital. Peritoneum metastasis was present in 24 patients (29%). Sixteen patients (19.5%) had three different sites of metastasis, while one patient had secondary lesions in the central nervous system.
In conclusion, the findings showed that mFLOX is an active, cost-effective and convenient regimen for treating mCRC, possibly providing another low-cost option for public health systems in developing countries.
